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METHODS TO DIAGNOSE TREAT AND PREVENT BONE LOSS 

Cross Reference To Related Applications 

This application is related to U.S. Provisional Patent Application Serial No. 
5 60/293,898, and U.S. Provisional Patent Application Serial No. 60/293,489, both filed 
on May 25, 2001, from which priority is claimed under 35 USC §1 19(e)(1), and 
which applications are incorporated herein by reference in their entireties. 

Technical Field 

10 The invention relates generally to methods for diagnosing, screening, 

prognosing, and treating diseases. More particularly, the present invention relates to a 
method for diagnosing, screening or prognosing changes in bone loss, bone 
architecture or bone formation in humans or animals, and for determining the severity 
and cause of the disease by mathematically combining morphological data with 

1 5 metabolic data obtained using biomarkers. 

Background 

Osteoporosis is a major public health issue caused by a reduction in bone 
mineral density in mature bone and results in fractures after minimal trauma. The 

20 most common fractures occur in the vertebrae, distal radius (Colles 5 fracture) and hip. 
An estimated one-third of the female population over age 65 will have vertebral 
fractures, caused in part by osteoporosis. Moreover, hip fractures are likely to occur 
in about one in every three woman and one in every six men by extreme old age. 

Two distinct phases of bone loss have been identified. One is a slow, age- 

25 related process that occurs in both genders and begins at about age 35. This phase has 
a similar rate in both genders and results in losses of similar amounts of cortical and 
cancellous bone. Cortical bone predominates in the appendicular skeleton while 
cancellous bone is concentrated in the axial skeleton, particularly the vertebrae, as 
well as in the ends of long bones. Osteoporosis caused by age-related bone loss is 

30 known as Type II osteoporosis. 

The other type of bone loss is accelerated, seen in postmenopausal women and 
is caused by estrogen deficiency. This phase results in a disproportionate loss of 
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cancellous bone, particularly trabecular bone. Osteoporosis due to estrogen depletion 
is known as Type I osteoporosis. The main clinical manifestations of Type I 
osteoporosis are vertebral, hip and Colles' fractures. The skeletal sites of these 
manifestations both contain large amounts of trabecular bone. Bone turnover is 
5 usually high in Type I osteoporosis. Bone resorption is increased but there is 
inadequate compensatory bone formation. Osteoporosis has also been related to 
corticosteroid use, immobilization or extended bed rest, alcoholism, diabetes, 
gonadotoxic chemotherapy, hyperprolactinemia, anorexia nervosa, primary and 
secondary amenorrhea, transplant immunosuppression, and oophorectomy. 

10 The mechanism by which bone is lost in osteoporotics is believed to involve 

an imbalance in the process by which the skeleton renews itself. This process has 
been termed bone remodeling. It occurs in a series of discrete pockets of activity. 
These pockets appear spontaneously within the bone matrix on a given bone surface 
as a site of bone resorption. Osteoclasts (bone dissolving or resorbing cells) are 

15 responsible for the resorption of a portion of bone of generally constant dimension. 
This resorption process is followed by the appearance of osteoblasts (bone forming 
cells) that then refill with new bone the cavity left by the osteoclasts. 

In a healthy adult subject, osteoclasts and osteoblasts function so that bone 
formation and bone resorption are in balance. However, in osteoporotics an 

20 imbalance in the bone remodeling process develops which results in bone being 

replaced at a slower rate than it is being lost. Although this imbalance occurs to some 
extent in most individuals as they age, it is much more severe and occurs at a younger 
age in postmenopausal osteoporotics, following oophorectomy, or in iatrogenic 
situations such as those resulting from the use of corticosteroids or 

25 immunosuppressors. 

The diagnosis and management of bone related disease, such as osteoporosis, 
typically requires information about bone turnover and bone mass. Determinations of 
bone turnover have historically been performed utilizing standard serum, urine and7or 
sweat laboratory tests including fasting calcium/creatinine, hydroxyproline, alkaline 

30 phosphatase and/or osteocalcin/bone growth protein utilizing standard high pressure 
liquid chromatography (HPLC) techniques. To illustrate, whenever bone formation 
occurs (calcium deposition) or bone resorption occurs (calcium breakdown), various 
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chemical reactions occur within the body that elevate the presence of certain 
indicators in the blood and urine suggesting changes in the calcium/bone mineral 
status. Biomarkers, however, typically lack information on the severity or stage of a 
disease and, additionally, on the morphological condition of an organ or tissue. 
5 Recently, several new bone specific assays have been developed which enable 

bone turnover to be evaluated with an ELISA/EMIT immunoassay format. 
Descriptions of these immunoassay formats can be found in U.S. Patent Nos. 
5,973,666, 5,320,970, 5,300,434 and 5,140,103. The labeling for the new assays 
utilize a biochemical marker to quantify bone resorption and/or formation and 

10 provides information on bone turnover. 

For diagnosis of bone diseases, U.S. Patent No. 6,210,902 describes detecting 
collagen breakdown products in serum or urine by using two or more immunoassays, 
and forming a ratio between the concentration of one fragment and a second fragment 
to form an index to determine the rate of bone resorption. In another method of 

15 forming an index of biomarker results, U.S. Patent No. 5,962,236 obtains a ratio of 
free lysyl pyridinoline cross-links and creatinine content to form a urinary index of 
bone resorption to diagnose bone disease. Further, the use of two or more biomarkers 
to diagnose a disease, where a neural network is first trained and the trained neural 
network is then used to analyze the experimental data to produce a diagnostic value is 

20 disclosed in U.S. Patent Nos. 6,306,087 and 6,248,063. 

Bone mass determinations, on the other hand, have been traditionally 
performed by using various x-ray based techniques including single and dual-photon 
absorptiometry (SPA and DPA), quantitative computed tomography (QCT), and dual- 
energy absorptiometry (DXA). Imaging tests such as x-rays, ultrasound, computed 

25 tomography and MRI can provide detailed information about the morphological 

condition of an organ or a tissue and on the severity or the stage of a disease process. 
However, such imaging techniques typically lack information on the metabolic 
activity of various tissues and organs and, in diseased states, can give an estimate of 
the rate of progression or the prognosis of a disease. 

30 U.S. Patent No. 5,785,041 describes a computer system for displaying 

biochemical data with data from densitometric bone measurement to determine 
whether bone formation or bone resorption is occurring. 
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Thus, there remains a need for methods and devices for diagnosing, 
prognosticating and monitoring of osteoporosis by combining the information 
provided by imaging tests with the information provided by biomarkers. 



5 Summary 

The present invention provides novel methods for the diagnosis of diseases, 
particularly bone related diseases, where using a combination of several independent 
measurements or tests provides for greater diagnostic power. 

In one aspect, the invention includes using a mathematical function to relate 

10 the level of one or more biomarkers with a numerical value relating to one or more 
imaging descriptors comprising predetermined features from images defining bone 
disease characteristics to obtain a test value, and comparing the test value with a 
control value, wherein a test value which differs from the control value by a 
predetermined amount is indicative of bone disease. 

15 These and other aspects of the present invention will become evident upon 

reference to the following detailed description and attached drawings. In addition, 
various references are set forth herein which describe in more detail certain 
procedures or compositions, and are therefore incorporated by reference in their 
entirety. 

20 

Detailed Description of the Invention 

The practice of the present invention will employ, unless otherwise indicated, 
conventional methods of protein chemistry, biochemistry, recombinant DNA 
techniques and pharmacology, within the skill of the art. Such techniques are 

25 explained fully in the literature. See, e.g., T.E. Creighton, Proteins: Structures and 
Molecular Properties (W.H. Freeman and Company, 1993); A.L. Lehninger, 
Biochemistry (Worth Publishers, Inc., current addition); Sambrook, et al., Molecular 
Cloning: A Laboratory Manual (2nd Edition, 1989); Methods In Enzymology (S. 
Colowick and N. Kaplan eds., Academic Press, Inc.); Remington's Pharmaceutical 

30 Sciences, 18th Edition (Easton, Pennsylvania: Mack Publishing Company, 1990); 

Carey and Sundberg Advanced Organic Chemistry 3 rd Ed. (Plenum Press) Vols A and 
B (1992). 
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All publications, patents and patent applications cited herein, whether supra or 
infra, are hereby incorporated by reference in their entirety. 

I. Definitions 

5 In describing the present invention, the following terms will be employed, and 

are intended to be defined as indicated below. 

By "bone loss" is meant an imbalance in the ratio of bone formation to bone 
resorption resulting in less bone than desirable in a patient. Bone loss may result from 
osteoporosis, bone fractures, osteotomy, periodontitis, or prosthetic ingrowth. Bone 

10 loss may also result from secondary osteoporosis that includes glucocorticoid-induced 
osteoporosis, hyperthyroidism-induced osteoporosis, immobilization-induced 
osteoporosis, heparin-induced osteoporosis or immunosuppressive-induced 
osteoporosis. Bone loss can be monitored, for example, using bone mineral density 
measurements described below. 

15 By "increased bone accretion" is meant that bone accumulation in a subject. 

Such increased bone accretion is determined herein by measuring bone mineral 
density (BMD). For example, bone accretion can be determined using an animal 
model, such as an ovariectomized mouse, dog and the like. The animal is 
administered the test compound and bone mineral density (BMD) measured in bones 

20 that are normally depleted in Type I or Type II osteoporosis, such as bones of the 

appendicular and/or axial skeleton, particularly the spine including the vertebrae, as 
well as in the ends of long bones, such as the femur, midradius and distal radius. 
Several methods for determining BMD are known in the art. For example, BMD 
measurements may be done using, e.g., dual energy x-ray absorptiometry or 

25 quantitative computed tomography, and the like. (See, the examples.) Similarly, 
increased bone formation can be determined using methods well known in the art. 
For example, dynamic measurements of bone formation rate (BFR) can be performed 
on tetracycline labeled cancellous bone from the lumbar spine and distal femur 
metaphysics using quantitative digitized morphometry (see, e.g., Ling et al., 

30 Endocrinology (1999) 140 :5780-5788. Alternatively, bone formation markers, such 
as alkaline phosphatase activity (see, e.g., Farley et al., Calcif. Tissue Int. (1992) 
50:67-73) and serum osteocalcin levels (see, e.g., Taylor et al., Metabolism (1988) 

5 
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37:872-877 and Baylink et al., 10 th Annual Congress of Endocrinology, San 
Francisco, CA (1996) Abstract PI -945), can be assessed to indirectly determine 
whether increased bone formation has occurred. 

As used herein, the terms "treat" or "treatment" are used interchangeably and 
5 are meant to indicate a postponement of development of bone loss symptoms and/or a 
reduction in the severity of such symptoms that will or are expected to develop. The 
terms further include ameliorating existing bone or cartilage deficit symptoms, 
preventing additional symptoms, ameliorating or preventing the underlying metabolic 
causes of symptoms, and/or encouraging bone growth. 

10 As used herein, the term "subject" encompasses mammals and non-mammals. 

Examples of mammals include, but are not limited to, any member of the Mammalia 
class: humans, non-human primates such as chimpanzees, and other apes and monkey 
species; farm animals such as cattle, horses, sheep, goats, swine; domestic animals 
such as rabbits, dogs, and cats; laboratory animals including rodents, such as rats, 

15 mice and guinea pigs, and the like. Examples of non-mammals include, but are not 
limited to, birds, fish and the like. The term does not denote a particular age or 
gender. 

The term "biomarker" encompasses any molecule having altered (e.g., reduced 
or elevated) levels when a particular disease or condition in a subject is present as 

20 compared a normal (non-diseased) subject. Non-limiting examples of suitable 

biomarkers include polynucleotides (e.g., genes, a piece of DNA, a piece of RNA, an 
oligonucleotide); polypeptides (e.g., enzymes, etc.); lipids; a component of a 
membrane; a component of an organelle; oligo- or polysaccharides; metals; and/or an 
element that is naturally occurring in a mammal including a human in a physiologic or 

25 a diseased state. The presence, absence anchor amount of a biomarker in a tissue or a 
bodily fluid can be indicative of a diseased state in a tissue or can be used to assess 
the metabolic activity of normal or diseased tissue or can be used to prognosticate 
disease state. Alterations in the concentration of a biomarker in a tissue or a bodily 
fluid, e.g., an increase or a decrease above or below the normal range expected under 

30 physiologic conditions in said tissue or bodily fluid, can be indicative of a diseased 
state in a tissue or can be used to assess the metabolic activity of normal or diseased 
tissue or can be used to prognosticate a diseased state in a tissue. Serial changes in 
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the concentration of a biomarker in a tissue or a bodily fluid, e.g., an increase or a 
decrease in the concentration of said biomarker between two or more time points Tl 
and T2 in said tissue or bodily fluid, can be indicative of a diseased state in a tissue or 
can be used to assess the metabolic activity of normal or diseased tissue or can be 
5 used to prognosticate a diseased state in a tissue. Biomarkers can also be used to 
monitor response to a therapeutic intervention. A biomarker can be measured by 
obtaining tissue samples such as pieces of a mucosal membrane or by obtaining 
samples of a bodily fluid. 

The term "biomarker test" includes a test that assesses (quantitatively or 

10 qualitatively) the concentration (amount), presence and/or serial changes in the 

concentration of a biomarker in a tissue or a bodily fluid. Bodily fluid includes saliva, 
sputum, nasal secretions, sweat, urine, blood, plasma, serum, synovial fluid, ascites, 
peritoneal fluid, fluid in a cyst, fluid in an abscess, cerebrospinal fluid, pleural 
effusions, and pericardial effusions. It is contemplated that the method may also be 

15 used, for example, on saliva and sweat. The body fluid may be used as it is, or it may 
be purified prior to analysis. The purification of the bodily fluids may be 
accomplished using a number of standard procedures, including, but not limited to, 
cartridge adsorption and elution, molecular sieve chromatography, dialysis, ion 
exchange, alumina chromarography, hydroxyapatite chromatography, and 

20 combinations thereof. 

The term "imaging test" includes, but is not limited to, x-ray based techniques, 
for example, conventional film based x-ray films, digital x-ray images, single and 
dual x-ray absorptiometry, and radiographic absorptiometry; ultrasound including 
broadband ultrasound attenuation measurement and speed of sound measurements; 

25 computed tomography; nuclear scintigraphy; SPECT; positron emission tomography 
and MRI. One or more of these imaging tests may be used in the methods described 
herein, for example in order to obtain certain information (e.g., morphological) about 
one or several tissues such as bone including bone mineral density and curvature of 
the subchondral bone, cartilage including biochemical composition of cartilage, 

30 cartilage thickness, cartilage volume, cartilage curvature, marrow including marrow 
composition, synovium including synovial inflammation, lean and fatty tissue, and 
thickness, dimensions and volume of soft and hard tissues. The information, which is 



WO 02/096284 



PCT/US02/17024 



preferably expressed as a numerical value, is also referred to as "imaging descriptors/' 
The imaging test can be performed with use of a contrast agent, such as Gd-DTPA in 
the case of MRI. 

The term "osteoporosis'* includes a condition of generalized skeletal fragility 
5 in which bone strength is sufficiently weak that fractures occur with minimal trauma, 
often no more than is applied by routine daily activity. Its primary manifestations are 
a reduction in bone mass, measured usually as bone mineral density (BMD) and 
disruption of the normal skeletal micro-architecture. BMD at any time in adult life 
reflects the peak investment in bone mineral at skeletal maturity minus that which has 
10 been subsequently lost. In some cases, low BMD represents failure to achieve 

adequate bone mass at skeletal maturity. In other cases, it represents loss of bone. 

II. General Overview 

The present invention provides, among other things, methods for combining 

15 results obtained from assessment of one or more morphological parameters 

characteristic of a disease with information regarding metabolic, functional, or 
physiological parameters to evaluate disease status and to provide a prognosis of 
disease. In particular, for bone diseases, the present invention combines one or more 
imaging descriptors with one or more biomarker tests using a mathematical function 

20 in order to diagnose and/or prognose bone disease. The combining of the two 
different types of data provides an index that is relevant to the diagnosis of the 
disease. The imaging descriptors provide information on, for example, bone mineral 
density, bone structure, and/or the size, shape and invasiveness of the lesion. The 
biomarker tests provide information on, for example, the rate of growth (or extension) 

25 of the lesion. One or more of the imaging descriptors are mathematically manipulated 
(e.g., divided by or multiplied by the measured level of the biomarker) to derive a 
diagnostic and/or prognostic index. 

The methods described herein may be used, for example, to treat defects 
resulting from disease of the cartilage (e.g., osteoarthritis), bone damage and/or 

30 degeneration due to overuse or age. The invention allows, among other things, a 
health practitioner to evaluate and treat such defects. Thus, the methods of the 
invention provide for improved and more specific diagnosis of diseases, and provide 
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for faster determination on the treatment type needed as well as treatment efficacy. 
III. Imaging Descriptors 

The imaging descriptors provide static assessment of one or more 
5 morphological parameters, such as local thickness for cartilage, BMD or structure for 
bone. The imaging descriptors thus provide data on the characteristics of the bone, 
such as bone mass, bone density, local thickness of the bone, structure of the bone, 
thickness of the cartilage, percent cartilage surface diseased, and the like. 

When the imaging descriptors pertain to bone mass, a change in the bone mass 

10 can typically be measured by four widely available methods known to those skilled in 
the art, including single photon absorptometry, dual photon absorptometry (DP A), 
dual-energy x-ray absorptometry (DXA), and quantitative computed tomography 
quantitative computed tomography (CAT scan). These methods are used to measure 
mineral content in the bone, and some are relatively selective for certain bones or 

15 trabecular versus cortical bone. Other methods for obtaining information concerning 
bone density and vitality that may reveal information useful in the diagnosis of 
various diseases including osteopenia, osteoporosis, and arthritis, include magnetic 
resonance imaging (MRI) and positron emission tomographic (PET) techniques. 
Radiographic absorptometry (RA) is a method for non-invasive measurement of bone 

20 mineral x-rays of the hand. 

In another aspect, the imaging test can be performed on any x-ray, for example 
a dental x-ray obtained in the mandible or maxilla, x-ray of an extremity such as a 
hand or a calcaneus, a hip x-ray, a spinal x-ray or any other x-ray to obtain a 
measurement of bone mineral density. The x-ray (e.g., mandible, maxilla) can be 

25 analyzed to obtain a measurement bone mineral density, and the analysis can be 

performed with the help of a calibration phantom or an external standard included on 
the x-ray image. The calibration phantom or an external standard can be included on 
the x-ray image or can be scanned separately. The x-ray can also be used to assess 
bone structure, e.g. trabecular thickness and spacing, trabecular connectivity, or 

30 cortical thickness. See, for example, International Publications PCT/US0 1/269 13 and 
PCT/US0 1/32040, incorporated by reference herein in their entireties. 

In another aspect, imaging descriptors providing quantitative information on 

9 
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the bone is derived from the measurement of the bone density. The density of the 
bone can be measured by ultrasound to measure broadband ultrasound attenuation 
values and speed of sound to determine bone density. However, other types of 
densitometric systems are also contemplated. For example, the densitometric bone 
5 measuring system may use x-rays to measure bone density. An example of an x-ray 
based densitometric bone measuring system using a pencil beam to measure bone 
density is described in U.S. Patent No. 4,811,373. 

In another aspect of the invention, imaging descriptors providing quantitative 
information on the bone is derived from an x-ray image. In other aspects, the 

10 quantitative information is densitometric information, for example bone mineral 
density or density of selected soft-tissues or organs. Alternatively, the quantitative 
information is information on the morphology of a structure, for example information 
on the two-dimensional arrangement of individual components forming said structure 
or information on the three-dimensional arrangement of individual components 

15 forming said structure. In any of the methods described herein, the structure can be 
bone and the information can be, for example, information on trabecular thickness, 
trabecular spacing and/or estimates of the two- or three-dimensional architecture of 
the trabecular network. Further, in any of the methods described herein, quantitative 
information can be derived with use of an external standard, for example a calibration 

20 phantom of known x-ray density, (e.g., a calibration phantom is included with the 
structure to be imaged on the x-ray image). 

In another aspect, the quantitative information derived from the x-ray image 
includes one or more parameters relating to the acquisition of the x-ray image (e.g,. x- 
ray tube voltage, x-ray energy, x-ray tube current, film-focus distance, object-film 

25 distance, collimation, focal spot size, spatial resolution of the x-ray system, filter 
technique, film focus distance, correction factor(s) or combinations thereof), for 
instance to improve the accuracy of the quantitative information. 

Preferably the x-ray images include accurate reference markers, for example 
calibration phantoms for assessing bone mineral density of any given x-ray image. 

30 Thus, in certain aspects, methods that allow accurate quantitative assessment of 

information contained in an x-ray such as x-ray density of an anatomic structure or 
morphology of an anatomic structure are used to obtain the imaging descriptors. 
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An x-ray image can be acquired using well-known techniques from any local 
site. For example, in certain aspects, 2D planar x-ray imaging techniques are used. 
2D planar x-ray imaging is a method that generates an image by transmitting an x-ray 
beam through a body or structure or material and by measuring the x-ray attenuation 
5 on the other side of said body or said structure or said material. 2D planar x-ray 

imaging is distinguishable from cross-sectional imaging techniques such as computed 
tomography or magnetic resonance imaging. If the x-ray image was captured using 
conventional x-ray film, the x-ray can be digitized using any suitable scanning device. 
The digitized x-ray image can then be transmitted over the network, e.g. the internet, 

10 into a remote computer or server. It will be readily apparent that x-ray images can 
also be acquired using digital acquisition techniques, e.g. using phosphorus plate 
systems or selenium or silicon detector systems, the x-ray image information is 
already available in digital format. In this case the image can be transmitted directly 
over the network, e.g. the Internet, or alternatively, it can be compressed prior to 

15 transmission. 

Preferably, when an x-ray of an anatomic structure or a non-living object is 
acquired a calibration phantom is included in the field of view. Any suitable 
calibration phantom can be used, for example, one that comprises aluminum or other 
radio-opaque materials. U.S. Patent No. 5,335,260 describes other calibration 

20 phantoms suitable for use in assessing bone mineral density in x-ray images. 

Examples of other suitable calibration reference materials can be fluid or fluid-like 
materials, for example, one or more chambers filled with varying concentrations of 
calcium chloride or the like. 

It will be readily apparent that a calibration phantom can contain several 

25 different areas of different radio-opacity. For example, the calibration phantom can 
have a step-like design, whereby changes in local thickness of the wedge result in 
differences in radio-opacity. Stepwedges using material of varying thickness are 
frequently used in radiology for quality control testing of x-ray beam properties. By 
varying the thickness of the steps, the intensity and spectral content of the x-ray beam 

30 in the projection image can be varied. Stepwedges are commonly made of aluminum, 
copper and other convenient and homogeneous materials of known x-ray attenuation 
properties. Step wedge-like phantoms can also contain calcium phosphate powder or 

11 
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calcium phosphate powder in molten paraffin. 

Alternatively, the calibration reference may be designed such that the change 
in radio-opacity is from periphery to center (for example in a round, ellipsoid, 
rectangular of other shaped structure). As noted above, the calibration reference can 
5 also be constructed as plurality of separate chambers, for example fluid filled 

chambers, each including a specific concentration of a reference fluid (e.g., calcium 
chloride). 

Any shape can be used including, but not limited to, squares, circles, ovals, 
rectangles, stars, crescents, multiple-sided objects (e.g., octagons), irregular shapes or 

10 the like, so long as their position is known to correlate with a particular density of the 
calibration phantom. In preferred embodiments, the calibration phantoms described 
herein are used in 2D planar x-ray imaging. 

Since the density and attenuation of the calibration phantom are both known, 
the calibration phantom provides an external reference for measuring the density of 

15 the anatomic structure or non-living object to be measured. One of skill in the art will 
easily recognize other applications for use of calibration phantoms in x-ray imaging in 
view of the teachings herein. 

Curvature and/or thickness measurements of bone or other tissue can also be 
obtained using any suitable techniques, for example in one direction, two directions, 

20 and/or in three dimensions. Non-limiting examples of imaging techniques suitable for 
measuring thickness and/or curvature (e.g., of cartilage and/or bone) include the use 
of x-rays, magnetic resonance imaging (MRI), computed tomography scanning (CT, 
also known as computerized axial tomography or CAT), and ultrasound imaging 
techniques. (See, also, International Patent Publication WO 02/22014; U.S. Patent 

25 No. 6,373,250 and Vandeberg et al. (2002) Radiology 222:430-436). 

In certain embodiments, CT or MRI is used to assess tissue, bone and any 
defects therein, for example articular cartilage and cartilage lesions, to obtain 
information on cartilage degeneration and provide morphologic information about the 
area of damage. Specifically, changes such as Assuring, partial or full thickness 

30 cartilage loss, and signal changes within residual cartilage can be detected using one 
or more of these methods. For discussions of the basic NM principles and techniques, 
see MRI Basic Principles and Applications, Second Edition, Mark A. Brown and 
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Richard C. Semelka, Wiley-Liss, Inc. (1999). For a discussion of MRI including 
conventional TI and T2-weighted spin-echo imaging, gradient recalled echo (GRE) 
imaging, magnetization transfer contrast (MTC) imaging, fast spin-echo (FSE) 
imaging, contrast enhanced imaging, rapid acquisition relaxation enhancement, 
5 (RARE) imaging, gradient echo acquisition in the steady state, (GRASS), and driven 
equilibrium Fourier transform (DEFT) imaging, to obtain information on cartilage, 
see WO 02/22014. Thus, the measurements may be three-dimensional images 
obtained as described in WO 02/22014. Three-dimensional internal images, or maps, 
of the cartilage alone or in combination with a movement pattern of the joint can be 

10 obtained. In addition, imaging techniques can be compared over time, for example to 
provide up to date information on the size and type of repair material needed. 

In another aspect, the thickness of the normal or only mildly diseased cartilage 
surrounding one or more cartilage defects is measured. This thickness measurement 
can be obtained at a single point or, preferably, at multiple points, for example 2 

15 point, 4-6 points, 7-10 points, more than 10 points or over the length of the entire 
remaining cartilage. In other embodiments, for example if no cartilage remains, the 
curvature of the articular surface can be measured to design and/or shape the repair 
material. Further, both the thickness of the remaining cartilage and the curvature of 
the articular surface can be measured to determine the percent of cartilage surface that 

20 is diseased. 

Alternatively, or in addition to, imaging techniques, measurements and/or 
samples can be taken of bone or other tissue intraoperatively during arthroscopy or 
open arthrotomy. At least one, preferably two or more of these measurements can 
then be used to provide the data for the morphological parameters. 

25 

VI. Biomarker Parameters 

Biomarkers of bone disease include any products produced or given off during 
normal or abnormal growth and/or death of bone and may be used to determine 
normal, healthy conditions as well as disease states. Non-limiting examples of 
30 suitable biomarkers include calcium, hydroxyproline, alkaline phosphatase, 

procollagen Type I and its cleavage products, osteocalcin, and bone collagen peptides 
that include crosslinked amino acids. The crosslinked amino acids include 

13 
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pyridinoline, hydroxy lysyl pyridinoline, lysyl pyridinoline, substituted pyridinolines, 
n-telopeptide, and the peptides that contain these cross-linked amino acids. Current 
methods used to monitor the presence, progress of treatment, or disease state for 
metabolic bone diseases require the measurement of biomarkers of bone metabolism 
5 found in bodily fluids. Examples of these detection methods are shown in U.S. Patent 
Nos. 5,283,197; 4,973,666; and 5,140,103. 

The biomarkers are detected in any suitable sample, for example, tissue or 
body fluids including but not limited to urine, blood, serum, plasma, sweat, saliva and 
synovial fluid. The sample (e.g., fluid or tissue) may be used as it is, or it may be 

10 purified prior to the contacting step. This purification step may be accomplished 
using a number of standard procedures, including, but not limited to, cartridge 
adsorption and elution, molecular sieve chromatography, dialysis, ion exchange, 
alumina chromatography, hydroxyapatite chromatography, and combinations thereof. 
The biomarker(s) to be measured will be selected depending on the type of 

15 disease, particularly the type of bone disease, to be detected. One or more biomarkers 
can be selected so that it is characteristic of the disease exhibited by the patient. For 
example, the preferred biomarkers predictive of bone resorption are n-telopeptides 
and pyridinole. These biomarkers are indicative of resorption and are present in the 
bodily fluids in amounts that are detectable and indicative of resorption bone diseases. 

20 Thus, the measurement of these biomarkers can provide an indication of the metabolic 
bone disease, and can be of use in monitoring the progress of medical treatment 
intended to reduce the loss of bone density found in these diseases. 

Osteoporosis and osteopenia provide other examples of diseases for which 
suitable biomarkers are known. Examples of biomarkers, which can be detected 

25 separately or together show characteristic changes in the presence of osteoporosis 
include: calcium, phosphate, estradiol (follicular, mid-cycle, luteal, or post- 
menopausal), progesterone (follicular, mid-cycle, luteal, mid-luteal, oral 
contraceptive, or over 60 years), alkaline phosphatase, percent liver- ALP, and total 
intestinal- ALP. Typically, after measuring the amount of one or more of these 

30 biomarkers, a diagnosing clinician compares the measurements to a normal reference 
range to determine weather a patient has undergone some bone loss. 

Biomarkers typically monitored for bone resorption associated with Paget' s 
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disease includes hydroxyproline. Paget's disease, a metabolic bone disorder in which 
bone turnover is greatly increased. Hydroxyproline is an amino acid largely restricted 
to collagen, is the principal structural protein in bone and all other connective tissues, 
and is excreted in urine. The excretion rate of hydroxyproline is known to be 
5 increased in certain conditions, particularly in Paget's disease. Therefore, urinary 
hydroxyproline can be used as an amino acid marker for collagen degradation. U.S. 
Patent No. 3,600,132 discloses a process for the determination of hydroxyproline in 
body fluids such as serum, urine, lumbar fluid and other intercellular fluids in order to 
monitor deviations in collagen metabolism. The method correlates hydroxyproline 

10 with increased collagen anabolism or catabolism associated with pathological 
conditions such as Paget's disease, Marfan's syndrome, osteogenesis imperfecta, 
neoplastic growth in collagen tissues and in various forms of dwarfism. Additionally, 
bone resorption associated with Paget's disease has been monitored by measuring 
small peptides containing hydroxyproline, which are excreted in the urine following 

15 degradation of bone collagen. 

Other biomarkers of collagen degradation that have been measured by art 
known methods includes hydroxylysine and its glycoside derivatives, the cross- 
linking compound 3-hydroxypyridinium in urine as an index of collagen degradation 
in joint diseases (Wu and Eyre, Biochemistry 23:1850 (1984) and Black et al, Annals 

20 of the Rheumatic Diseases 48:641-644 (1989)) where the peptides from body fluids 
are hydrolyzed and the presence of individual 3-hydroxypyridinium residues is 
subsequently detected. 

A particularly useful biomarker for determining quantitative bone resorption 
of type II and type III collagens involves quantitating in a body fluid the concentration 

25 of telopeptides that have a 3-hydroxypyridinium cross-link and that are derived from 
collagen degradation. Telopeptides are cross-linked peptides having sequences that 
are associated with the telopeptide region of, for example, type II and type III 
collagens and which may have cross-linked to them a residue or peptide associated 
with the collagen triple-helical domain. The telopeptides can have fewer amino acid 

30 residues than the entire telopeptide domains of type II and type III collagens, and they 
may comprise two peptides linked by a pyridinium cross-link and further linked by a 
pyridinium cross-link to a residue or peptide of the collagen triple-helical domain. 
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Methods for quantitating in a body fluid the concentration of telopeptides having a 3- 
hydroxypyridinium cross-link derived from bone collagen resorption are known in art. 
For example, GB patent application No. 2,205,643 reports that the degradation of type 
III collagen in the body can be quantitatively determined by measuring the 
5 concentration of an N-terminal telopeptide from type III collagen in a body fluid. 

Typically, the patient's body fluid is contacted with an immunological binding 
partner specific to a telopeptide having a 3-hydroxypyridinium cross-link derived 
from type II or type III collagen. The body fluid may be used as is or purified prior to 
the contacting step. This purification step may be accomplished using a number of 

10 standard procedures, including cartridge adsorption and elution, molecular sieve 
chromatography, dialysis, ion exchange, alumina chromatography, hydroxyapatite 
chromatography, and combinations thereof. 

The biomarker telopeptide having a 3-hydroxypyridinium cross-linked can 
alternatively be quantitated by fluorometric measurement of a body fluid containing 

15 the biomarker. The fluorometric assay can be conducted directly on a body fluid 

without further purification. However, for certain body fluids, particularly urine, it is 
preferred that purification of the body fluid be conducted prior to the fluorometric 
assay. This purification step consists of dialyzing an aliquot of a body fluid such as 
urine against an aqueous solution thereby producing partially purified peptide 

20 fragments retained within the nondiffusate (retentate). The nondiffiisate is then 
lyophilized, dissolved in an ion pairing solution and adsorbed onto an affinity 
chromatography column. The chromatography column can be washed with a volume 
of ion pairing solution and, thereafter, the peptide fragments are eluted from the 
column with an eluting solution. These purified peptide fragments can then be 

25 hydrolyzed and the hydrolysate resolved chromatographically. Chromatographic 
resolution may be conducted by either high-performance liquid chromatography or 
microbore high performance liquid chromatography. 

In another method, the assaying of type I, II and III collagen fragments in 
urine is performed by an inhibition ELISA (enzyme linked immunosorbent assay) by 

30 metering off a sample of urine and contacting the sample with a telopeptides and with 
an antibody, which is immunoreactive with the telopeptide. The telopeptide can be 
immobilized on a solid support, and the antibody is raised against the telopeptide. 
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The combined reagents and sample are incubated, and a peroxidase-conjugated 
antibody is added. After another incubation, a peroxidase substrate solution is added. 
Following short final incubation, the enzyme reaction is stopped, and the absorbance 
is measured at about 450 nm and compared with a standard curve obtained with 
5 standard solutions by the same procedure. 

Other examples of biomarkers which may be sued include osteocalcin, also 
known as bone GLA protein of BGP, procollagen type I, bone alkaline phosphatase 
and total alkaline phosphatase. Suitable methods for the determination of these 
markers can be found, for example, in Delmas, P. D., et al., J. Bone Min. Res. 1 :333- 
10 337(1986). 

Thus, biomarker parameters characteristic of bone disease can be detected by 
performing, for example, a quantitative in- vitro diagnostic test on a bodily fluid 
sample such as blood, urine, saliva or sweat. However, other techniques or methods 
may also be utilized for obtaining one or more of the biomarker parameter, including, 

15 for example, a solid-phase immunoassay technique, a western blotting technique and 
fluorescent microscopy technique. Various types of assays, such as chemical, 
enzymatic, and immunochemical assays, may be used to obtain the biochemical data. 
Chemical assays may detect, for example, phosphorous and/or calcium. Enzymatic 
assays may detect, for example, the enzyme action of alkaline phosphatase. 

20 Immunochemical assays may detect biologic compounds, such as pyridinoline, 
hydroxy lysyl pyridinoline, lysyl pyridinoline, substituted pyridinolines, and n- 
telopeptide, by monoclonal or polyclonal antibodies or specific receptor proteins. 

V. Mathematical Functions 
25 The imaging descriptors are combined with the biomarker parameters using a 

mathematical function. The mathematical function can be division, product, sum, 
logarithmic function, exponential function, and the like. In certain aspects of the 
invention, one or more of the mathematical functions can be used in combination. 
In one aspect of the invention, biochemical assays can be performed to 
30 measure bone disease and imaging descriptors can be obtained on the affected area. 
The results of the biochemical assay can then be divided by the results from the 
imaging descriptors to provide a ratio or an index. By creating the index between the 
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two assays, information about the disease, such as, for example, the progression of the 
disease can be obtained. 

In another aspect, a plurality of biomarkers associated with one or more 
selected bone disease can be derived and can be combined with a plurality of imaging 
5 descriptors. For example, for osteoporosis, calcium, phosphate, and alkaline 

phosphatase can be measured, as well as the thickness of the bone and bone density. 
The sum of the measured concentration of the biomarkers can then be multiplied by 
the sum of the imaging descriptors to derive an index. 

In another aspect, one or more of the selected biomarkers and one or more of 

10 the selected imaging descriptors can be measured over a period of time and the 

relationship between the two can then be statistically analyzed. The time period can 
be seconds, minutes, hours, days, or months or any interval therebetween. The 
biochemical and morphological data can be, for example, obtained at 0, 1, 2, 3, 5, 7, 
10, 15, and 24 hours. The rate of change of the morphological parameters can then be 

15 compared with the rate of change of the biochemical data as a function of time. 

Alternatively, the biochemical data can be correlated with the morphological data, 
where the slope of the correlation serves as an index. The regression statistical 
analysis of the data can be performed using the ST AT A™ v3.1 (Stata Corporation, 
College Station, Tex.) statistical analysis software program, or any other 

20 commercially available statistical analysis software. The regression analysis can be 
applied to every independent parameter measured, for example, biomarkers chosen, 
bone thickness, BMD, and the like. Statistical significance may consist of p values 
^0.05, and can be used to determine which of the parameters are aggregately 
significant in the prediction of progression of the disease. 

25 In another aspect of the invention, the results can be compared by combining 

them mathematically to form a numerical index, such as by taking their ratio. A ratio 
formed between the morphological data and the biochemical data provides an index 
which is dependent on the progression of the bone disease and which therefore can be 
used for diagnostic purposes for disorders associated with bone diseases. 

30 The methods of the present invention are sensitive and accurate thereby 

allowing a practitioner to diagnose bone related diseases promptly, and follow and 
assess with greater speed and efficiency the treatment of these bone diseases with 
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various therapies. For example, when a clinician evaluates the imaging descriptors 
and the biomarker parameters individually, the onset of bone related diseases may not 
be diagnosed promptly. The clinician normally compares these values for a particular 
patient with the range of reference values generated for the same age group, and the 
5 measured values may fall within this reference range. Thus, the measured test results 
for the patient may fall within the expected values for these tests even though the 
patient has developed early stages of a bone disease, leading to a misdiagnosis. In 
contrast, when the results of the two or more independent tests are mathematically 
combined in accordance with the present invention, the resultant values provide for 

1 0 greater diagnostic power. The methods of the present invention thus provide for early 
diagnosis of diseases. Similarly, the progression of the disease or the effectiveness of 
the treatment for the disease can be evaluated with greater speed. 

In another aspect of the invention, a database of the ratios is created for a 
particular bone disease. For example, a particular numerical index result can be 

15 associated with particular patient types. This may be done by subjecting a range of 
samples of known disease type to the methods described above and building up a 
database of index results. One may then identify the index of an unknown sample as 
being typical of a particular class of sample previously tested. 

Thus, the combined analysis of results of the imaging test and the results of 

20 the biomarker test can provide an improved assessment of the patient's prognosis. 

For example, the combined analysis of the results of the imaging tests and the results 
from the biomarker tests can help determine the patient's current bone health or 
degree of osteopenia or osteoporosis or dental disease more accurately. In addition, 
the combined analysis provides an estimate for the rate of progression of osteopenia 

25 or osteoporosis or dental disease more accurately. 

In another aspect of the invention, the results of an imaging test to assess bone 
mineral density or bone structure and architecture can be combined with the results of 
a biomarker test whereby the combination of the results can help select the most 
appropriate form of therapy, e.g., therapy with an anabolic drug rather than an anti- 

30 resorptive drug and vice versa. For example, the combination of the imaging and 
biomarker results can indicate that a patient's osteopenia or osteoporosis or dental 
disease is largely the result of bone resorption, an anti-resorptive drug such as a 
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bisphosphonate can be prescribed. Alternatively, if the combination of results 
indicate that a patient's osteopenia or osteoporosis or dental disease is largely the 
result of lack of bone formation an anabolic drug, e.g., parathyroid hormone or one of 
its derivatives, can be prescribed. 

5 

VI. Experimental 

Below are examples of specific embodiments for carrying out the present 
invention. The examples are offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. 
10 Efforts have been made to ensure accuracy with respect to numbers used (e.g., 

amounts, temperatures, etc.), but some experimental error and deviation should, of 
course, be allowed for. 

Example 1 

15 Measuring Bone Mineral Density 

An image of a body part is obtained using one or more of the following 
techniques: dual x-ray absorptiometry (DXA) (Eastell et al. (1998) New Engl J. Med 
338:736-746); quantitative computed tomography (QCT) (Cann (1988) Radiology 
166:509-522); peripheral DXA (pDXA) (Patel et al. (1999) J Clin Densitom 2:397- 

20 401); peripheral QCT (pQCT) (Gluer et. al. (1997) Semin Nucl Med 27:229-247); 

radiographic absorptiometry (RA) (Gluer et. al. (1997) Semin Nucl Med 27:229-247); 
standard x-ray technology; and quantitative ultrasound (QUS) (Njeh et al. 
"Quantitative Ultrasound: Assessment of Osteoporosis and Bone Status" 1999, 
Martin-Dunitz, London England). The image may be digitized and stored 

25 electronically. 

Bone mineral density is then determined by analyzing the image as described 
in International Publications PCT/US01/26913 and PCT/US01/32040. Data on bone 
mineral density may be taken at multiple time points from the same patient and may 
be some or all of the results may be stored in a database. 

30 
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Example 2 
Serum and urine bone biomarkers 
Serum and urine biomarkers provide an economical and practical way to 
measure formation and resorption without invasive surgery. Serum and urine bone 
5 biomarkers are assayed at baseline and at 1, 3, 6, 12, 18, and 24 months. Serum total 
ALP (bone formation), ACP and tartrate-resistant ACP (TRAP, bone resorption), 
calcium, and phosphorus are measured using a Cobas Fara Chemistry Analyzer 
(Roche Diagnostics, Nutley, NJ.) (Carlson, et al., 1992; Jayo et aL, 1995; Jerome, et 
al., 1994). Serum BGP (bone turnover) assays are performed using an established 
10 radioimmunoassay. Bone resorption is measured using FDA- approved N-telopeptide 
collagen excretion markers (Osteomarke, Ostex, Seattle, Wash.). 

Example 3 
Combining imaging and biomarkers 
15 The value of N-telopeptide at each time point measured in Example 2 is 

divided by the bone mineral density value obtained in Example 1 . The ratio thus 
obtained is compared to a database that contains a ratio from non-diseased patients. 
The ratio is then used to determine whether the patient's osteopenia is predominantly 
the result of lack of bone formation. 

20 

Example 4 

Treatment based on combining imaging and biomarkers 
The patient of Example 3 diagnosed as having osteopenia due to the lack of 
bone formation is treated with parathyroid hormone, an anabolic drug. The imaging 
25 and biomarker tests described in Examples 1 and 2 are repeated, and the results 
combined according to Example 3. The index obtained is used to follow the 
effectiveness of the treatment with the drug. The differences in the index value at 
different time points can be used to assess the efficacy of treatment of the patient for 
osteoporosis. 

30 Thus, novel methods for diagnosing and prognosing diseases, such as bone 

loss diseases, are disclosed. Although preferred embodiments of the subject invention 
have been described in some detail, it is understood that obvious variations can be 

21 
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made without departing from the spirit and the scope of the invention as defined by 
the appended claims. 
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CLAIMS 

What is claimed is : 

1 . A method for diagnosis of bone disease, the m ethod comprising: 

5 using a mathematical function to relate (i) the level of one or more biomarkers 

with (ii) a numerical value relating to one or more imaging descriptors comprising 
predetermined features from images defining bone disease characteristics to obtain a 
test value; and 

comparing the test value with a control value, wherein a test value which 
10 differs from the control value by a predetermined amount is indicative of bone 
disease. 

2. The method of claim 1 , wherein the one or more biomarkers are selected 
from the group consisting of calcium, hydroxyproline, alkaline phosphatase, 

15 procollagen Type I and its cleavage products, osteocalcin, bone collagen peptides, 
pyridinoline, hydroxy lysyl pyridinoline, lysyl pyridinoline, n-telopeptide and 
combinations thereof. 

3. The method of claim 2, wherein the biomarker is calcium. 

20 

4. The method of claim 2, wherein the biomarker is hydroxyproline. 

5. The method of claim 2, wherein the biomarker is alkaline phosphatase. 

25 6. The method of claim 1, wherein the one or more imaging descriptors are 

selected from the group consisting of bone mass, bone density, local thickness of the 
bone, structure of the bone, thickness of the cartilage, percent cartilage surface 
diseased and combinations thereof. 

30 7. The method of claim 6, wherein the imaging descriptor is bone mass. 

8. The method of claim 6, wherein the imaging descriptor is bone density. 

23 
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9. The method of claim 6, wherein the imaging descriptor is thickness of the 
cartilage. 

10. The method of claim 1, wherein the mathematical function is selected 
from the group consisting of division, product, sum, logarithmic function, exponential 
function, or combinations thereof. 

1 1 . The method of claim 10, wherein the mathematical function is division. 

12. The method of claim 10, wherein the mathematical function is product. 

13. The method of claim 10, wherein the mathematical function is sum. 

14. The method of claim 1, wherein the bone disease is bone loss. 

1 5. The method of claim 14, wherein bone loss is associated with a condition 
selected from the group consisting of osteporosis, arthritis, Paget's disease, and 
periodontal diseases. 

16. The method of claim 15, wherein bone loss is associated with 
osteoporosis or arthritis. 

17. The method of claim 16, wherein bone loss is associated with 
osteoporosis and the biomarker is selected from the group consisting of 
hydroxyproline, telopeptide, alkaline phosphatase and combinations thereof and the 
imaging descriptor is selected for the group consisting of local thickness for cartilage, 
bone mineral density, bone structure and combinations thereof. 

18. The method of claim 1, wherein the control value is determined using the 
mathematical formula to relate (i) the level of one or more biomarkers in a normal 
subject with (ii) a numerical value relating to one or more imaging descriptors 

24 
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comprising predetermined features from images defining bone disease characteristics 
in a normal subject. 

19. The method of claim 1, wherein the level of one or more biomarkers is 
5 determined by immunological assay. 

20. The method of claim 1, wherein a test value greater than the control value 
is indicative of bone disease. 

10 21. The method of claim 1, wherein a test value lower than the control value 

is indicative of bone disease. 
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